Introduction {#S0001}
============

CRC is the third most common cancer and the fourth leading cause of cancer death worldwide, accounting for nearly 1.4 million new cases and almost 700,000 deaths in 2012.[@CIT0001] Based on demographic projections and temporal profiles, the global number of CRC cases is expected to increase to more than 2.2 million new cases and 1.1 million cancer deaths per annum by 2030.[@CIT0001] Increases in the morbidity and mortality of CRC is related to current levels of human development; changes in incidence may reflect the adoption of more Western lifestyles.[@CIT0002]

Approximately 25% of patients have mCRC at the first diagnosis and nearly 50% of patients who undergo surgery for early-stage CRC eventually develop mCRC.[@CIT0003] Common chemotherapy drugs for mCRC consist mainly of 5-fluorouracil, oxaliplatin and irinotecan. Combination of two chemotherapy drugs is associated with 20 months OS, while the addition of VEGF and epidermal growth factor receptor (EGFR) inhibitors, could extend OS to nearly 30 months.[@CIT0004]--[@CIT0007]

Unfortunately, the global outcome of mCRC is still poor and new therapies are urgently needed. Fruquintinib is a novel small molecule anti-VEGFR TKI that targets VEGFRs (VEGFR-1, −2 and −3), and has been used to treat mCRC. This review will summarize and discuss the trials of fruquintinib.

VEGFR family TKIs {#S0002}
=================

Angiogenesis plays a critical role in tumor cell proliferation, vascular remodeling, cell dissemination and metastasis. The angiogenic process is mainly regulated by the interactions between soluble VEGFs and their receptors (VEGFRs).[@CIT0008],[@CIT0009] VEGFs consist of five glycoproteins (VEGF-A, VEGF-B, VEGF-C, VEGF-D, and placenta growth factor). VEGFRs include three types of cell membrane receptors: VEGFR-1 (Flt-1), VEGFR-2 (Flk-1/KDR) and VEGFR-3 (Flt-4). The molecular structure of VEGFRs is comprised of an extracellular domain (ligand-binding domain), a transmembrane domain, and an intracellular region containing a tyrosine kinase domain.[@CIT0010] Among the three receptors, VEGFR-2 is a receptor for VEGF-A, which is prominently involved in the over-formation of blood vessels. The interaction between VEGF-A and VEGFR-2 leads to activation of intracellular signaling cascades promoting endothelial cell proliferation and migration.[@CIT0011],[@CIT0012] VEGFR-1 is a receptor for VEGF-A, VEGF-B and placental growth factor. VEGFR-1 also regulates angiogenesis but shows an inhibitory effect on KDR-mediated proliferation.[@CIT0013],[@CIT0014] VEGFR-3 is a receptor with a high affinity for VEGF-C and VEGF-D, angiogenic factors that mediate lymphangiogenesis. VEGFR-3 is only expressed in lymphatic vessels and endothelial cells, and is involved in the dissemination of tumor cells to regional lymph nodes.[@CIT0015] One study examining the heterogeneous expression of VEGFRs in human CRC tissues demonstrated that all three VEGFRs play different roles in tumor vascularization.[@CIT0016]

Small-molecule anti-VEGFR TKIs have been shown to be effective in a variety of malignancies and are characterized by favorable oral bioavailability and the ability to target VEGFRs involved in tumor angiogenesis and growth.[@CIT0017] Herein, some TKIs that have been studied in mCRC are listed. First-generation anti-VEGFR TKIs, such as sorafenib, sunitinib, vatalanib, cabozantinib, brivanib, cediranib, linifanib, lenvatinib, nintedanib, regorafenib and famitinib, can inhibit VEGFR and other receptors involved in angiogenic signaling with similar potency. At the maximum tolerated dose (MTD), exposure of the multi-target TKI is limited. Since all targets are inhibited, the duration of inhibition for any target, particularly VEGFR, becomes less optimal and/or short. Thus, second-generation anti-VEGFR TKIs, such as axitinib, apatinib, tivozanib and fruquintinib, are characterized by potent and highly selective inhibition of VEGFR, which is expected to maintain target inhibition while minimizing off-target toxicity and providing high drug exposure at the MTD.[@CIT0017],[@CIT0018]

Fruquintinib: a novel anti-VEGFR TKI {#S0003}
====================================

Fruquintinib (6-\[6, 7-dimethoxyquinazolin-4-yloxy\]-N, 2-dimethylbenzofuran-3-carboxamide) is a novel, small-molecule, oral anti-VEGFR TKI, with high affinity for VEGFR-1, −2 and −3. Fruquintinib has been widely used to inhibit tumor angiogenesis in vivo and in vitro.[@CIT0019] Molecular targets of fruquintinib are shown in [Figure 1](#F0001){ref-type="fig"}.Figure 1Molecular targets of fruquintinib.
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Pharmacodynamics and pharmacokinetics {#S0004}
=====================================

Pharmacodynamics {#S0004-S2001}
----------------

Fruquintinib exhibits excellent antitumor activity, both in vitro and in vivo.[@CIT0020]

In vitro, fruquintinib has been shown to inhibit the activity of a panel of 253 kinases. Fruquintinib showed potent inhibition of VEGFR-1, −2 and −3 (half maximal inhibitory concentration \[IC~50~\] values were 33 nmol/L, 35 nmol/L and 0.5 nmol/L, respectively), and weak inhibition of RET, FGFR-1 and c-KIT kinases. In addition, fruquintinib also inhibits endothelial cell proliferation and tubule sprouting, thereby preventing tumor angiogenesis.[@CIT0020]

In vivo, the anti-tumor activity of fruquintinib was evaluated in several established human tumor xenograft models, such as colon cancer, gastric cancer and lung cancer. Treatment with the combination of fruquintinib and other chemotherapy drugs, or treatment with fruquintinib alone, showed good antitumor efficacy. A study in the HT-29 colon cancer model indicated that the antitumor activity of fruquintinib alone was moderately sensitive. In another study using a xenograft model with cells derived from human colon cancer patients, treatment with fruquintinib and oxaliplatin showed a potent inhibitory effect, with a tumor growth inhibition (TGI) of 68%, compared with TGIs of 36% and 23% for fruquintinib and oxaliplatin alone, respectively.[@CIT0020]

Pharmacokinetics {#S0004-S2002}
----------------

The pharmacokinetics (PK) of fruquintinib were estimated in preclinical and clinical studies.[@CIT0036]--[@CIT0038]

In a preclinical study, fruquintinib exhibited good PK characteristics, including rapid absorption and high oral bioavailability, slow elimination, reasonable tissue distribution and a low risk of drug-drug interactions.[@CIT0036]

Two clinical trials were conducted to estimate the human PK of fruquintinib in Chinese patients. In a phase I trial, the plasma concentration of fruquintinib increased rapidly after 2 to 4 hrs (h) of administration. As the dose of fruquintinib was increased from 1 mg to 6 mg, the peak plasma concentration (C~max~) and area under the concentration-time curve to 24 h post-dose (AUC~0--24h~) increased proportionally to the dose. For instance, in a continuous regimen of 4 mg once daily, the mean *C*~max~ and AUC~0--24h~ of fruquintinib was 290±61.1 ng/mL and 5212±1227 ng.h/mL, respectively. When the dose was increased to 6 mg once daily, the mean *C*~max~ and AUC~0--24h~ were increased to 508±63.6 ng/mL and 9230±1215 n.gh/mL, respectively. Fruquintinib showed a moderately long terminal half-life (*T*~1/2~) of 42 h and in a continuous regimen, the plasma concentration stabilized after 14 days of dosing. In a 3-week-on/1-week-off regimen, it was observed that the plasma concentration of fruquintinib was stable after 14 days' administration, remained stable until the end of the 21st day of administration, and was then almost completely eliminated after 7 days of withdrawal. Based on the above PK parameters and the evaluation of efficacy, the study recommended a continuous regimen of 4 mg once daily or a 3-week-on/1-week-off regimen of 5 mg once daily.[@CIT0037]

In another phase I tiral, 6 healthy male volunteers were given a single oral dose of 5 mg ^14^C-labeled fruquintinib. The results also showed that fruquintinib had favorable PK characteristics, which could be rapidly absorbed (*C*~max~ 113 ng/mL and time to peak plasma concentration \[*T*~max~\] 2 h) and slowly eliminated (*T*~1/2~ 33.4 h). In the liver, fruquintinib was widely metabolized by various enzymes. In plasma, the unaltered parent compound was the predominant radioactive component and M11 was the major circulating metabolite. After metabolism, only a small amount of the parent compound was excreted in the urine or feces (less than 6% of the administered dose), and urine was the major route of excretion.[@CIT0038]

Clinical trials in mCRC {#S0005}
=======================

Clinical trials of fruquintinib {#S0005-S2001}
-------------------------------

Three clinical trials have been used to evaluate the efficacy and safety of fruquintinib monotherapy for mCRC.[@CIT0039],[@CIT0040] In all three trials, fruquintinib was administered in a 3-week-on/1-week-off regimen of 5 mg once daily. Best supportive care (BSC) was given to all patients. As there are a limited number of targeted drugs approved for third- and post-line treatment of CRC, all three trials were conducted in patients who progressed after second-line standard therapy. Clinical trials to estimate the efficacy of fruquintinib in mCRC are summarized in [Table 2](#T0002){ref-type="table"}.Table 2Clinical trials to estimate the efficacy of fruquintinib in mCRCCancer typeIdentifierPhaseTherapy-lineNumberOS, months (median, fruquintinib group)OS, months (median, control group)PFS, months (median, fruquintinib group)PFS, months (median, control group)ORR, % (fruquintinib group)ORR, % (control group)mCRCNCT01975077[@CIT0039]Ibthird-line428.88/5.8/9.5/mCRCNCT02196688[@CIT0039]IIthird-line717.725.524.730.992.10mCRCNCT02314819 (FRESCO)[@CIT0040]IIIthird-line4169.36.63.71.84.70[^2]

In an open-label, single-arm phase Ib trial (NCT01975077), a total of 42 patients with mCRC were enrolled and received fruquintinib. The results showed that fruquintinib had a good efficacy profile. As the primary endpoint, the median PFS was 5.80 months (95% CI 4.01--7.60). As the secondary endpoints, the median OS was 8.88 months (95% CI 7.53--15.53), the objective response rate (ORR) was 9.5% and the disease control rate (DCR) was, 76.2%.[@CIT0039]

In a subsequent randomized, double-blind, placebo-controlled phase II trial (NCT02196688), 71 patients were randomly assigned in a 2:1 ratio, to receive fruquintinib or placebo. As the primary endpoint, the median PFS was significantly improved with fruquintinib (4.73 months) versus placebo (0.09 months); (hazard ratio (HR) =0.30; *P*\<0.001). As the secondary endpoints, the DCR of the fruquintinib group increased significantly versus placebo (68.1% vs 20.8%, *P*\<0.001), but the median OS (7.72 months vs 5.52 months; HR =0.71; *P*=0.29) and ORR (2.1% vs 0%, *P*=0.45) did not increase. Failure to obtain significant differences in OS and ORR could be attributed to the small sample size in this trial.[@CIT0039]

The FRESCO trial (NCT02314819) was a multicenter, randomized, double-blind and placebo-controlled phase III trial that further evaluated the efficacy and safety of fruquintinib. A total of 416 patients were randomized to receive fruquintinib or placebo in a 2:1 ratio. Patients who had previously been treated with VEGF or EGFR inhibitors were enrolled in the trial, but those who had received VEGFR inhibitors were excluded. Patients continued treatment until tumor progression, intolerable toxicity, or study withdrawal. The results demonstrated that fruquintinib was effective and safe in the treatment of mCRC. As the primary endpoint, the OS was significantly improved in the fruquintinib group compared with the placebo group (9.3 months vs 6.6 months; HR=0.65; *P*\<0.001). As the secondary endpoints, the PFS (3.7 months vs 1.8 months; *P*\<0.001), ORR (4.7% vs 0.0%; *P*=0.01) and DCR (62.2% vs 12.3%; *P*\<0.001), were also significantly increased in the fruquintinib group compared with placebo. Notably, the OS with fruquintinib treatment was superior to placebo in almost all subgroups, especially in key subgroups including previous use of VEGF inhibitors \[yes (HR 0.68, 95% CI 0.45--1.03) vs no (HR 0.60, 95% CI 0.45--0.80); *P*=0.72\], previous use of EGFR inhibitors \[yes (HR 0.68, 95% CI 0.35--1.30) vs no (HR 0.62, 95% CI 0.48--0.80); *P*=0.75\], and K-ras status \[wild-type (HR 0.56, 95% CI 0.40--0.78) vs mutant (HR 0.75, 95% CI 0.53--1.07); *P*=0.26\].[@CIT0040]

Clinical trials of other anti-VEGFR TKIs: state of the art {#S0005-S2002}
----------------------------------------------------------

Over the past decade, attempts have been made to incorporate anti-VEGFR TKI into the treatment of mCRC. Unfortunately, most anti-VEGFR TKIs, which were successfully used to treat other malignancies, failed in mCRC. However, some anti-VEGFR TKIs such as regorafenib, famitinib, axitinib, apatinib, were effective in the treatment of mCRC. Clinical trials (Phase II/III) of anti-VEGFR TKIs that did not prove efficacy in mCRC are summarized in [Table 3](#T0003){ref-type="table"}, and clinical trials (Phase II/III) that did prove efficacy in mCRC are summarized in [Table 4](#T0004){ref-type="table"}.Table 3Clinical trials (Phase II/III) of anti-VEGFR TKIs that did not prove efficacy in mCRCCompoundStudyPhasePrevious therapyNumberRegimenOutcomeSorafenibDo et al[@CIT0041]IIYes30Sorafenib + cetuximabNo objective responses were observedSunitinibCarrato et al[@CIT0042]IIIYes768FOLFIRI +/− sunitinibSunitinib plus FOLFIRI was ineffectiveVatalanibHecht et al[@CIT0043]IIINo1168FOLFOX4+/− vatalanibFOLFOX4 plus vatalanib did not improve PFSVatalanibvan Cutsem et al[@CIT0044]IIIYes855FOLFOX4+/− vatalanibFOLFOX4 plus vatalanib did not improve OSBrivanibSiu et al[@CIT0045]IIIYes750Cetuximab +/− brivanibCetuximab plus brivanib did not improve OSCediranibHoff et al[@CIT0046]IIINo860FOLFOX/CAPOX +/− cediranibFOLFOX/CAPOX with cediranib improved PFS but did not improve OSCediranibSchmoll et al[@CIT0047]IIINo1422mF6+ cediranib vs mF6+ bevacizumabmF6 with cediranib did not improve PFSLinifanibChan et al[@CIT0049]IIYes30LinifanibStudy closure due to lack of clinical efficacyLinifanibO'Neil et al[@CIT0048]IIYes148mF6+ linifanib vs mF6+ bevacizumabmF6 with linifanib did not improve PFSNintedanibVan Cutsem et al[@CIT0050]IIIYes768Nintedanib vs placeboNintedanib improved PFS but did not improve OSTivozanibBenson et al[@CIT0051]IINo265mF6+ tivozanib vs mF6+ bevacizumabStudy stop due to no superiority of data from the interim analysis[^3] Table 4Clinical trials (Phase II/III) of anti-VEGFR TKIs that proved efficacy in mCRCCompoundStudyPhaseTherapy-lineNumberRegimenOutcomeRegorafenibGrothey et al[@CIT0052]III≥3nd760Regorafenib vs placeboRegorafenib improved OS and PFSRegorafenibLi et al[@CIT0053]III≥3nd204Regorafenib vs placeboRegorafenib improved OS and PFS in Asian patientsFamitinibXu et al[@CIT0056]II≥3rd154Famitinib vs placeboFamitinib improved PFSAxitinibGrávalos et al[@CIT0059]II1st maintenance49Axitinib vs placeboAxitinib increased PFS6AxitinibBendell et al[@CIT0060]II1st maintenance70AxitinibEfficacy of axitinib was comparable to that of other drugsApatinibChen et al[@CIT0062]II≥3rd26ApatinibApatinib showed good efficiency[^4]

### Sorafenib {#S0005-S2002-S3001}

Sorafenib (NEXAVAR^®^, Bayer, Leverkusen, Germany) is a first-generation small-molecule inhibitor of multiple targets, including VEGFR, platelet-derived growth factor (PDGFR), FLT3, KIT, Raf-1, B-RAF, and B-RAF.V599E,[@CIT0022]

Currently, one phase II trial investigating sorafenib plus cetuximab in patients with EGFR-expressing, K-RAS-mutated mCRC has completed with results reported. A total of 30 patients who had progressed after 5-fluorouracil based regimens, were treated with sorafenib (400 mg orally twice daily) and cetuximab. An improvement in ORR was not observed (ORR =0.0%), therefore the trial did not meet its primary endpoint. This combination regimen was not recommended for previously treated mCRC.[@CIT0041]

### Sunitinib {#S0005-S2002-S3002}

Sunitinib (SUTENT^®^, Pfizer, NY, USA) is a first-generation, multi-targeted anti-VEGFR TKI with activity against VEGFR, PDGFR, KIT and Flt3.[@CIT0023]

In a double-blind, randomized phase III trial, 768 treatment-naive patients with colorectal cancer were enrolled and randomized to receive FOLFIRI with sunitinib (37.5 mg orally once daily, in a 4-week-on/2-week-off regimen) or placebo. As the primary endpoint, PFS was shorter in the sunitinib group than in the placebo group, thus showing a lack of superiority for sunitinib with FOLFIRI (7.8 months vs 8.4 months; HR =1.095; *P*=0.807). More grade 3--4 adverse events and related deaths occurred in the sunitinib group than in the placebo group (12 vs 4). This trial, therefore, demonstrated that sunitinib in combination with FOLFIRI was not superior to FOLFIRI alone, and this combination regimen was not recommended for previously untreated mCRC.[@CIT0042]

### Vatalanib {#S0005-S2002-S3003}

Vatalanib (Novartis, Basel, Switzerland) is a first-generation anti-VEGFR TKI that inhibits tyrosine kinase signaling of all VEGFRs, PDGFR and KIT.[@CIT0024]

Two randomized phase III trials (CONFIRM 1 and 2) with vatalanib were conducted in patients with mCRC. CONFIRM1 enrolled 1168 treatment-naive patients who were randomized to receive FOLFOX4 with vatalanib (1250 mg orally once daily) or placebo. The primary endpoint was PFS, and secondary endpoints included OS and ORR. The results showed that vatalanib did not significantly improve PFS (7.7 months vs 7.6 months; *P*=0.118), OS (21.4 months vs 20.5 months; *P*=0.26), or ORR (42% vs 46%).[@CIT0043] CONFIRM2 enrolled 855 pretreated patients. The primary endpoint was OS, and secondary endpoints included PFS and safety. Although median OS did not improve (13.1 months vs 11.9 months; *P*=0.957), median PFS was prolonged in the vatalanib group compared with placebo (5.6 months vs 4.2 months; *P*=0.013). Both CONFIRM1 and CONFIRM2 failed to reach their primary objectives.[@CIT0044]

### Brivanib {#S0005-S2002-S3004}

Brivanib (BMS, NY, USA) is a first-generation oral anti-VEGFR TKI with activity against VEGFRs and FGFRs.[@CIT0026]

In a randomized phase III trial, 750 previously treated patients with wild-type K-RAS mCRC were randomized to receive cetuximab plus brivanib (800 mg orally once daily) or placebo. Median OS did not improve with brivanib treatment compared with placebo (8.8 months vs 8.1 months; *P*=0.12), despite a significant increase in PFS (5.0 months vs 3.4 months; *P*\<0.001). The trial did not meet the primary objective and this combination regimen was not recommended for patients with chemotherapy-refractory, wild-type K-RAS mCRC.[@CIT0045]

### Cediranib {#S0005-S2002-S3005}

Cediranib (AstraZeneca, London, UK) is a multi-targeted anti-VEGFR TKI that strongly blocks all VEGFRs, showing some modest activity against PDGFR, FGFR and KIT.[@CIT0027]

Phase II and III trials (HORIZON II and HORIZON III) were used to further evaluate the efficacy of cediranib. HORIZON II, a randomized phase III trial, enrolled 860 patients with previously untreated mCRC to receive cediranib 20 mg (502 patients) or placebo (358 patients) combined with CAPOX/FOLFOX. As co-primary endpoints, PFS was prolonged in the cediranib group compared with placebo (8.6 months vs 8.3 months, *P*=0.01), but OS was not improved (19.7 months vs 18.9 months, *P*=0.57).[@CIT0046] HORIZON III, a phase II/III randomized trial, enrolled 1422 patients with previously untreated mCRC to receive cediranib 20 mg (709 patients) or bevacizumab (713 patients) combined with mFOLFOX6. As the primary endpoint, PFS did not improve in the cediranib group compared to the bevacizumab group (9.9 months vs 10.3 months, *P*=0.11).[@CIT0047] As neither trial met their primary objective, a cediranib-containing regimen was not recommended in first-line treatment for patients with mCRC.

### Linifanib {#S0005-S2002-S3006}

Linifanib (Abbott, IL, USA) is a multi-targeted anti-VEGFR TKI that has inhibitory activity against VEGFRs, PDGFRβ, KIT, FLT3 and CSF-1R.[@CIT0028]

Two phase II studies were conducted to evaluate the efficacy and safety of linifanib in previously treated patients with mCRC. In one trial, a total of 148 patients were randomized in a 1:1:1 ratio, to receive mFOLFOX6 plus two doses of linifanib (7.5 and 12.5 mg, orally once daily) or bevacizumab. As the primary endpoint, PFS did not differ significantly between the three groups, even though a trend favoring bevacizumab over linifanib was observed.[@CIT0048] In the other phase II trial, a total of 30 patients received linifanib. The primary endpoint was ORR, with a goal of 10%. Unfortunately, ORR (0%) did not reach the primary aim,[@CIT0049] therefore, the efficacy of linifanib in mCRC needs to be further evaluated in more randomized phase III studies.

### Nintedanib {#S0005-S2002-S3007}

Nintedanib (VARGATEF^®^, BIBF, Mainz, Germany), is a first-generation multi-targeted anti-VEGFR TKI that potently blocks the proangiogenic pathways mediated by VEGFRs, PDGFRs, and FGFRs.[@CIT0030]

The role of nintedanib in patients with refractory mCRC was investigated in the LUME-Colon 1 trial, a global and randomized phase III trial comparing nintedanib plus BSC versus placebo plus BSC. The trial did not meet its co-primary endpoints. The results showed that nintedanib did not improve OS but modestly increased PFS in the nintedanib group.[@CIT0050]

### Tivozanib {#S0005-S2002-S3008}

Tivozanib (FOTIVDA^®^, Aveo, MA, USA) is a second-generation oral anti-VEGFR TKI with high selective inhibition of VEGFR-1, −2, −3.[@CIT0035]

In a phase II trial (BATON-CRC), previously untreated mCRC patients were randomized to receive FOLFOX6 plus tivozanib or bevacizumab. As the primary endpoint, PFS was similar in both groups (9.4 months vs 10.7 months, *P*=0.706). Data from the prespecified interim analysis did not show superiority and this led to discontinuation of the trial.[@CIT0051]

### Regorafenib {#S0005-S2002-S3009}

Regorafenib (STIVARGA^®^, Bayer, Leverkusen, Germany) is a first-generation anti-VEGFR TKI that inhibits the activity of angiogenic (VEGFR1, −2, −3, TIE2), stromal (PDGFR, FGFR) and oncogenic (KIT, RET, RAF-1, BRAF, BRAF^V600E^) receptor tyrosine kinases.[@CIT0031]

The CORRECT trial led to the approval of regorafenib by the US Food and Drug Administration (FDA) in September 2012 and the European Medicines Agency in August 2013, for the treatment of mCRC. In this phase III trial, a total of 760 patients with refractory mCRC were randomized, in a 2:1 ratio, to receive regorafenib (160 mg orally once daily, in a 3-week-on/1-week-off regimen) or placebo. Results showed significant improvements in the median OS (6.4 months vs 5.0 months; HR =0.77; *P*\<0.01) and median PFS (1.9 months vs 1.7 months; HR =0.49; *P*\<0.0001). Patients receiving regorafenib had more grade 3--4 adverse events including hand-foot syndrome, fatigue, hypertension, diarrhea, and hepatotoxicity.[@CIT0052] The efficacy and safety of regorafenib were further evaluated in the phase III CONCUR trial. A total of 204 Asian patients with mCRC who progressed after standard second-line therapy were recruited. Patients were randomized to the regorafenib group and the placebo group, in a 2:1 ratio. Consistent with the results of the CORRECT trial, median OS (8.8 months vs 6.3 months; HR =0.55; *P*\<0.001) and median PFS (3.2 months vs 1.7 months; HR =0.31; *P*\<0.0001) were significantly improved in the regorafenib group compared with the control group. The most common grade 3--4 adverse events were hand-foot skin reaction, hypertension and hepatotoxicity.[@CIT0053]

### Famitinib {#S0005-S2002-S3010}

Analog to sunitinib, famitinib (HengRui Medicine, Jiangsu, China) is a novel multi-targeted anti-VEGFR TKI. Famitinib potently inhibits VEGFR-2 and −3, PDGFR, c-KIT and RET, and has antitumor effects in a variety of solid tumors.[@CIT0054],[@CIT0055]

In a multicenter, randomized, double-blind phase II trial, a total of 154 patients with refractory mCRC were enrolled. Patients were randomized to receive famitinib (25 mg orally once daily) or placebo, in a 2:1 ratio. As the primary endpoint, PFS in the famitinib group was longer than in the placebo group (2.8 months vs 1.5 months; HR =0.58; *P*=0.0034). As secondary endpoints, DCR increased in the famitinib group compared with placebo (59.8% vs 31.4%; *P*=0.002), however, OS (7.4 months vs 7.2 months; *P*=0.657) and ORR (2.2% vs 0.0%; *P*=0.540) did not increase in the famitinib group. Famitinib showed a good safety profile. The most frequent grade 3--4 adverse events were hypertension, hand-foot syndrome, thrombocytopenia and neutropenia.[@CIT0056]

Currently, only one phase II trial of famitinib has been conducted in mCRC and further clinical trials are necessary.

### Axitinib {#S0005-S2002-S3011}

Axitinib (INLYTA^®^, Pfizer, NY, USA) is a first-generation anti-VEGFR TKI with high potency against VEGFRs, PDGFR and c-KIT that has been approved by the FDA for the treatment of renal cell carcinoma.[@CIT0057],[@CIT0058]

Two phase II trials were conducted to evaluate the efficacy and safety of axitinib as first-line maintenance therapy for mCRC. In one of the phase II trials, 49 patients who did not progress after 6--8 months of first-line chemotherapy were enrolled and randomized to receive axitinib (5 mg orally twice a day) or placebo. As the primary endpoint, PFS at 6 months was increased in the axitinib group compared with placebo (40.00% vs 8.33%; *P*=0.0141). As secondary endpoints, median PFS showed an improvement in the axitinib group compared with placebo (4.9 months vs 3.1 months; *P*=0.0116), while median OS showed no statistically significant improvement (27.6 months vs 19.9 months; *P*=0.3279). The most common grade 3--4 adverse events were hypertension, diarrhea, and asthenia.[@CIT0059]

In the other single-arm phase II trial, 70 patients who did not progress after 4 cycles of first-line mFOLFOX/bevacizumab treatment were recruited and received maintenance therapy with axitinib. The initial oral dose of axitinib was 5 mg twice daily, and after 2 weeks of administration, the dose was increased to 7 mg twice daily in those patients that were able to tolerate axitinib well. As the primary endpoint, the median PFS was 8.3 months and the results showed that the efficacy of axitinib was comparable to that of other first-line maintenance drugs.[@CIT0060]

Both trials have shown that axitinib is effective in the first-line maintenance therapy of mCRC. Pending future large-scale, multicenter, Phase III clinical trials, axitinib is a promising candidate for maintenance therapy of mCRC.

### Apatinib {#S0005-S2002-S3012}

Apatinib (AITAN^®^, HengRui Medicine, Jiangsu, China) is a second-generation oral anti-VEGFR TKI with high selective inhibition of VEGFR-2. Apatinib also inhibits c-KIT, RET and c-SRC, and has a weak inhibitory effect on EGFR, HER-2 and FGFR.[@CIT0034] Apatinib was approved by CFDA for the treatment of advanced chemotherapy-refractory gastric cancer.[@CIT0061]

In an open-label, single-arm phase II trial, a total of 26 patients who had undergone at least two standard treatments were enrolled to receive apatinib (500 mg orally once daily). The results showed that apatinib was effective in the treatment of refractory mCRC. The median PFS and OS were 3.9 months and 7.9 months, respectively. PFS was improved in the subgroup with 0--1 performance status or no liver metastasis. All patients had dose reductions of apatinib due to adverse events. The most frequent grade 3--4 adverse events were hypertension, hand-foot syndrome, proteinuria, and diarrhea.

It is worth noting that the sample size in this trial is small and future studies in larger cohorts are necessary to prove the efficacy of apatinib.[@CIT0062]

Safety and tolerability of fruquintinib {#S0006}
=======================================

A 3-week-on/1-week-off regimen of 5 mg fruquintinib once daily was recommended in the phase Ib trial and was used in the subsequent phase II--III trials.

In the phase Ib trial, treatment-emergent adverse events (TEAEs) associated with fruquintinib were observed in all 42 patients, of which 59.5% had grade 3--4 TEAEs. The most common (incidence \>5%) grade 3--4 treatment-related TEAEs were hypertension (21.4%), hand-foot skin reaction (HFSR, 9.5%), diarrhea (9.5%) and serum sodium decreased (7.1%). Five patients (11.9%) discontinued because of treatment-related TEAEs, and one patient (2%) died of a potential treatment-related fatal hemoptysis.[@CIT0039]

In the subsequent phase II trial, fruquintinib also showed good safety and manageable toxicity. In the fruquintinib group and the placebo group, the incidence of treatment-related TEAEs was 93.6% versus 58.3%, respectively. The most common (incidence \>5%) grade 3--4 treatment-related TEAEs were hypertension (29.8% vs 0%) and HFSR (14.9% vs 0%). The incidence of serious adverse events (SAEs) was similar in both groups (25.5% vs 20.8%). TEAEs leading to treatment modification (dose reduction or interruption) occurred in 61.7% of patients receiving fruquintinib, compared with 16.7% of patients in receiving placebo. The most common TEAEs leading to treatment modification were HFSR (17.0%), hypertension (12.8%) and diarrhea (4.3%). The incidence of fatal TEAEs was similar in both groups (3 \[6%\] patients in the fruquintinib group and 2 \[8%\] patients in the placebo group).[@CIT0039]

In the FRESCO trial, the safety and tolerability of fruquintinib were further evaluated. The incidence of treatment-related TEAEs was 95.7% in patients receiving fruquintinib versus 70.8% in patients receiving placebo. The most common treatment-related TEAEs were hypertension (55.4% vs 15.3%), HFSR (49.3 vs 2.9%), proteinuria (42.1 vs 24.8%), and dysphonia (36.0 vs 1.5%). Most treatment-related TEAEs were grade 1--2 severity and could be controlled by treatment modification. Grade 3--4 treatment-related TEAEs occurred in 46% of patients in the fruquintinib group, compared with 7.3% in the placebo group. The most common (incidence \>5%) grade 3--4 treatment-related TEAEs were hypertension (21.2% vs 2.2%) and HFSR (10.8% vs 0%). Moreover, the incidence of SAEs was 15.5% in the fruquintinib group versus 5.8% in the placebo group. The incidence of treatment-related SAEs was 6.1% versus 1.5%, respectively. TEAEs leading to treatment modification occurred in 47.1% of patients treated with fruquintinib, compared with 13.1% of patients in the placebo group. The most common TEAEs leading to treatment modification were HFSR (13.3%), proteinuria (9.7%), and decreased platelet counts (5.4%). TEAEs leading to dose discontinuation occurred in 15.1% patients treated with fruquintinib, versus in 5.8% patients treated with placebo. In addition, the fatal TEAEs occurred in 9 (3.2%) patients receiving fruquintinib and in 2 (1.5%) patients receiving placebo.[@CIT0040] Treatment-related TEAEs in patients receiving fruquintinib in the FRESCO trial are shown in [Figure 2](#F0002){ref-type="fig"}.Figure 2Treatment-related adverse events occurred in the fruquintinib group of the FRESCO trial.**Notes:** Adverse events reported in all patients (n=416) in FRESCO trial.**Abbreviations:** HFS, hand-foot skin reaction; TSH, thyroid stimulating hormone; AST, aspartate aminotransferase; ALT, alanine aminotransferase; OB, occult blood.

Based on data from the above trials, fruquintinib showed an acceptable safety and tolerability profile in the treatment of mCRC.

Clinical trials in other solid tumors {#S0007}
=====================================

Fruquintinib is used not only to treat mCRC, but also other solid tumors, such as lung cancer and gastric cancer. The status of most trials performed in other solid tumors is ongoing. Current clinical trials of fruquintinib in other solid cancers are summarized in [Table 5](#T0005){ref-type="table"}.Table 5Current clinical trials of fruquintinib in other solid cancersCancer typeIdentifierPhaseEnrollmentRegimenLocationAdvanced solid tumorNCT03251378IRecruitingFruquintinibUSAAdvanced solid tumorNCT03903705I/IINot recruitingFruquintinib plus sintilimabChinaAdvanced NSCLCNCT02976116IINot recruitingFruquintinib plus gefitinibChinaAdvanced NSCLCNCT02590965IICompletedFruquintinib vs placeboChinaAdvanced NSCLCNCT02691299 (FALUCA)IIICompletedFruquintinib vs placeboChinaAdvanced gastric cancerNCT02415023I/IICompletedFruquintinib plus paclitaxelChinaAdvanced gastric cancerNCT03223376 (FRUTIGA)IIIRecruitingFruquintinib plus paclitaxel vs placebo plus paclitaxelChina

In advanced solid tumors, there are two ongoing trials. The first trial is a phase I trial (NCT03251378) to estimate PK, safety and tolerability of fruquintinib. This is the first clinical trial of fruquintinib in American patients following FDA acceptance of an investigational new drug application for fruquintinib. The second trial is a phase I/II trial (NCT03903705) to estimate the efficacy and safety of fruquintinib in combination with sintilimab.

In lung cancer, there are two completed trials and one ongoing trial. One of the completed trials is a phase II trial (NCT02590965) to estimate the efficacy and safety of fruquintinib for third-line treatment of advanced non-squamous non-small-cell lung carcinoma (NSCLC). 91 patients were randomly assigned to receive fruquintinib (5 mg for 3 out of every 4 weeks) plus BSC or placebo plus BSC, in a 2:1 ratio. As the primary endpoint, median PFS was significantly improved in patients receiving fruquintinib compared with placebo (3.8 months vs 1.1 months; HR =0.34; *P*\<0.001). As secondary endpoints, 3-and 6-month survival rates (90.2% and 67.2% vs 73.3% and 58.8%), DRR (13.1% vs 0%; *P*=0.041) and DCR (60.7% vs 13.3%; *P*\<0.001) also showed statistically significant increases. Fruquintinib had an acceptable safety and tolerability profile, and the most common grade 3--4 TEAEs were hypertension (8.2%), HFSR (4.9%) and proteinuria (4.9%).[@CIT0063] The second completed trial is the FALUCA phase III trial (NCT02691299). This trial was conducted to further evaluate the efficacy and safety of fruquintinib in 527 patients. Currently, the recruitment of patients is complete, and the results of this trial are expected to be announced soon. A phase II trial (NCT02976116) to evaluate the efficacy and safety of fruquintinib in combination with gefitinib, for the first-line treatment in patients with advanced non-squamous NSCLC harboring EGFR mutations, is ongoing.

In gastric cancer, there are two trials. One is a single-arm phase I/II trial (NCT02415023) to estimate PK and efficacy of fruquintinib in combination with paclitaxel. The other trial (FRUTIGA; NCT03223376) is a multicenter, randomized, double-blind phase III trial, to further evaluate the efficacy and safety of fruquintinib in combination with paclitaxel versus paclitaxel alone in second-line treatment of advanced gastric cancer.

Discussion and future directions {#S0008}
================================

From data analysis of FRESCO trial, fruquintinib shows excellent efficacy and tolerable toxicity in patients with pretreated mCRC. Fruquintinib was approved by CFDA on September 4, 2018, for patients with mCRC who have progressed after at least two lines of prior treatment. Imminently, data from trials examining the efficacy of fruquintinib in the treatment of other solid tumors, such as advanced NSCLC and gastric cancer, will also be collected and analyzed.

Firstly, to gain a better understanding of the role of fruquintinib in the treatment of mCRC, more clinical studies should be carried out. According to the clinical practice guidelines of National Comprehensive Cancer Network (NCCN), antiangiogenic drugs such as bevacizumab, aflibercept, ramucirumab and regorafenib can be used for mCRC treatment in different settings. In general, bevacizumab is used for first-line and second-line treatment, as well as maintenance therapy or cross-line therapy and aflibercept is used with FOLFIRI for second-line treatment.[@CIT0064],[@CIT0065] After first-line treatment with either bevacizumab, oxaliplatin or fluoropyrimidine, ramucirumab is also administered in combination with FOLFIRI or irinotecan-based regimen for second-line therapy.[@CIT0066] Regorafenib can be used for third- or later-line treatment in mCRC.[@CIT0067] However, drug resistance could occur at any time during mCRC treatment, therefore the development of new antiangiogenic TKIs is encouraged and welcomed. As a novel drug, fruquintinib improves PFS and OS in heavily pretreated mCRC patients and is approved as a third-line treatment for mCRC. Additional studies are required to determine the efficacy of fruquintinib either in combination with chemotherapy for first- and second-line treatment or as a single-agent for first-line maintenance therapy.

A new strategy for the treatment of mCRC is the combination of antiangiogenic TKI and immunotherapy. The NCCN clinical guidelines have recommended anti-programmed death 1 (PD1) inhibitors for the treatment of mCRC with high microsatellite instability (MSI).[@CIT0068] PD1 inhibitors, nivolumab and pembrolizumab can improve PFS and ORR in patients with high-MSI mCRC.[@CIT0069],[@CIT0070] In order to obtain an optimized therapeutic effect of mCRC with high MSI, a regimen of fruquintinib in combination with a PD-1 inhibitor might be adopted.

Secondly, fruquintinib may prove to be an effective treatment for other solid tumors in the future. In fact, many anti-angiogenic TKIs, such as regorafenib, apatinib and anlotinib,[@CIT0071] have been approved for the treatment of a variety of cancers. Further studies are required to demonstrate the efficacy of fruquintinib in the treatment of various other solid tumors. Furthermore, ongoing trials of fruquintinib in combination with chemotherapy or other TKI are being performed in a limited number of cancers, such as NSCLC and gastric cancer, and more studies should be conducted in other types of cancer.

Thirdly, differences in the efficacy and toxicity profiles of fruquintinib in different races remains unclear. Currently, all clinical trials on fruquintinib are conducted only in Chinese patients. More clinical trials should be conducted to estimate the efficacy and safety of fruquintinib in other races.

Finally, although fruquintinib has shown good efficacy in mCRC treatment, there are some issues to be explored and resolved before it can be widely used. One issue is the absence of molecular biomarkers that accurately predict the efficacy of fruquintinib. Some molecular biomarkers, such as ctDNA,[@CIT0062],[@CIT0072] activated circulating endothelial cells (aCECs) and neuropilin-1 (NRP-1),[@CIT0051],[@CIT0073] are tested to determine if the patient will benefit from TKI therapy. To date, there are still no proven molecular biomarkers to predict the efficacy of fruquintinib. In this case, trials aimed at identifying molecular biomarkers to predict the efficacy of fruquintinib should be designed and performed. Another key issue is the unknown mechanism of tumor resistance to fruquintinib in mCRC. More studies investigating potential mechanisms of resistance and most importantly, how to reverse resistance, should be conducted.

Conclusion {#S0009}
==========

Antiangiogenesis plays an important role in the treatment of mCRC. At present, antiangiogenic drugs such as bevacizumab, aflibercept, ramucirumab and regorafenib are recommended by the NCCN guidelines for the treatment of mCRC. Fruquintinib is a potent and highly selective small-molecule inhibitor of VEGFR-1, −2 and −3 that plays an important role in third-line treatment of mCRC. In addition, fruquintinib is well tolerated and most TEAEs can be controlled or reversed by dose adjustment or drug intervention. In summary, fruquintinib is a novel anti-VEGFR TKI, and further research should aim to provide better guidance for its positioning in the mCRC strategic approach.
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[^1]: **Abbreviations:** VEGFR, Vascular Endothelial Growth Factor; PDGFR, Platelet-derived Growth Factor Receptor; FGFR, Fibroblast Growth Factor Receptor; FLT3, Fms Related Tyrosine Kinase 3; CSF1R, Colony Stimulating Factor 1 Receptor.

[^2]: **Abbreviations:** mCRC, metastatic colorectal cancer; NSCLC, non-small-cell lung cancer; OS, overall survival; PFS, progression-free survival; ORR, overall response rate.

[^3]: **Abbreviation:** mF6, mFOLFOX6.

[^4]: **Abbreviation:** PFS6, PFS rate at 6 months.
